Background and Purpose-The benefits of antihypertensive (AH) drugs on the risks of major cardiovascular outcomes have been demonstrated in clinical trials. However, approximately half of hypertensive patients do not adhere well to their prescribed AH therapy in actual practice. The purpose of this study was to assess the impact of adherence to AH agents on the incidence of cerebrovascular disease (CD) in real-world practice. Methods-A cohort of 83 267 hypertensive patients was reconstructed from the Régie de l'assurance maladie du Québec databases. Subjects included were between 45 and 85 years old, initially free of cardiovascular disease, and newly treated for hypertension with AH agents between 1999 and 2004. A nested case-control design was conducted to study CD occurrence. Every case was matched for age and duration of follow-up with up to 15 randomly selected control subjects. The adherence to AH drugs was measured by calculating the medication possession ratio. Conditional logistic regression models were performed to assess the association between adherence to AH agents and CD adjusting for various potential confounders. Results-At cohort entry, the mean patient age was 65 years, 37.3% were male, 8.6% had diabetes, and 19.5% had dyslipidemia. High adherence (Ն80%) to AH drugs significantly decreased the risk of CD by 22% (rate ratio, 0.78; 95% CI, 0.70 to 0.87) compared with lower adherence. Male gender, occurrence of cardiovascular disease during follow-up, and dyslipidemia were risk factors for CD. 
C erebrovascular diseases (CD) are a leading cause of mortality and morbidity worldwide. 1, 2 Economically, they are a major driver of healthcare costs. 1 However, CD are also preventable and primary prevention is particularly important because more than 70% of CD are first events. 1 Hypertension represents the strongest modifiable risk factor for CD. 1 Clinical trials of primary prevention have shown that antihypertensive (AH) agents, including diuretics, ␤-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers, are associated with a 30% to 40% reduction in the incidence of CD within just a few years. 3, 4 Yet, the large reductions in risks associated with CD seen in clinical trials may not translate into better prognoses in the "real-world" setting if patients have trouble adhering to their prescribed regimens. It is estimated that approximately half of hypertensive patients do not adhere well to AH therapy. 5 Adherence to AH drugs has been associated with improvement of blood pressure, decreased hospitalizations rates, and lower medical care costs. 6, 7 However, there have been no large effectiveness studies assessing the relationship between adherence to AH medication and major cardiovascular outcomes. Our study aimed therefore to evaluate the association between adherence to AH therapy and incident CD among newly treated hypertensive patients for primary prevention.
Methods

Data Sources
This retrospective population-based study used the "Régie de l'Assurance Maladie du Québec" (RAMQ) and Med-Echo databases. The RAMQ, which administers public healthcare insurance programs in the province of Québec, Canada, has 3 types of databases. The beneficiary database lists age, gender, social assistance status, and, when relevant, date of death of all registered persons. The medical services database contains claims for all inpatient and ambulatory services and includes data such as the date, nature and location of medical acts; diagnoses; and procedure codes. Diagnostic codes are classified according to the International Classification of Diseases, 9th revision (ICD-9). 8 Surgical procedure codes follow the Canadian classification of diagnostic, therapeutic, and surgical procedures. 9 The pharmaceutical database provides data on delivered medication in community pharmacies such as the date of filling, name of the drug, dose, quantity, dosage form, and duration of therapy. The Med-Echo database gathers information on acute care hospitalizations such as date of admission, length of stay, and primary and secondary diagnoses. All databases contain a unique identifier, the individual's health insurance number that serves as a link between them.
The RAMQ's beneficiary and medical services databases and the Med-Echo databases include all residents covered by the Quebec provincial health insurance, ie, the entire population. The RAMQ's pharmaceutical database covers residents insured under the public drug plan comprising approximately 43% of the population. Those are mainly individuals aged Ն65 years, welfare recipients, and, since January 1997, individuals aged Յ64 years who do not have access to a private insurance program. The loss of persons aged Ն65 years is estimated to have been minimal, because only 2.5% of them have opted to join a private insurance program. 10 The pharmaceutical database has been evaluated and its validity confirmed. 11 As well, validity studies have been done for certain medical services claims of the Quebec administrative databases. 12 Other studies have assessed the validity of administrative hospital discharge data. 13 For ischemic CD, the sensitivity was 80%, specificity was 96%, and positive predictive value was 91%; for intracerebral hemorrhage, those values were 85%, 94%, and 83%, respectively. 13 
Cohort Definition
All subjects aged between 45 and 85 years old, who were newly treated with diuretics, ␤-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, or a combination between January 1, 1999, and December 31, 2004, and who were diagnosed with essential hypertension (ICD-9 code: 401) were identified. Patients were considered newly treated if they had not taken any AH agent in the 2 years before the cohort entry date, which was defined as the date of the first prescription. Only patients who had filled at least 3 AH prescriptions in the 6 months after their entry into the cohort were included. In addition, to ensure that the patients need pharmacological treatment, the patients need to have had a medical visit to their physician and to have filled at least one AH prescription for each period of 1.5 years.
Furthermore, the subjects had to have no documentation of cardiovascular disease (CVD), based on the absence of a diagnosis (ICD-9) or medical procedure in the last 5 years, and any drug marker in the 2 years before the cohort entry date. Thus, we excluded patients who already had a CD, a coronary artery disease (CAD), a peripheral arterial disease (PAD), chronic heart failure (CHF), or arrhythmia. Patients who received antiplatelets (except aspirin) or anticoagulants during the 2 years preceding the cohort entry were also excluded.
Subjects were followed up from the date of issuance of the first prescription of an AH agent until the first-ever CD event or the end of the study period (June 30, 2005) . Individuals who lost coverage under the RAMQ drug insurance or had not filled any AH prescription 1.5 years after the last one or died during follow-up were censured. The total death rate was assessed in the cohort.
Nested Case-Control Study
We conducted within our cohort a nested case-control study to evaluate the association between adherence to AH and the risk of CD. A CD was defined as a composite end point of intracerebral hemorrhage (ICD-9 431), other and unspecified intracerebral hemorrhage (432), occlusion and stenosis of precerebral arteries (433), occlusion cerebral arteries (434), acute but ill-defined CD (436), and other and ill-defined CD (437). All CD cases were identified, and up to 15 control subjects were randomly selected from the cohort based on the risk set of each case using density sampling. With this method, control subjects are selected among subjects that were at risk of developing the outcome at the time the case was identified. 14 In this way, subjects could serve as control subjects for more than one case occurring at different times, and cases could serve as control subjects before they became cases, which will give an unbiased estimation of the rate ratio. 14 Cases were matched to control subjects for age (Ϯ1 year) at the cohort entry and duration of follow-up.
Exposure Assessment
Adherence to AH treatment, defined as the extent to which a patient takes AH medication as prescribed, was estimated by calculating the "medication possession ratio." The medication possession ratio corresponded to the total number of days' supply of medication dispensed divided by the length of follow-up. 15 Cases' adherence was calculated from the start of follow-up to the time of the CD event (index date). For control subjects, the adherence was calculated from the start of follow-up to the time of selection (index date). The medication possession ratio was dichotomized, setting a threshold of medication possession ratio Ͻ80% to identify nonadherent patients, consistently with literature data. 16, 17 Covariates Sex and social assistance were identified at the cohort entry date. The occurrence of a CAD, a CHF, a PAD or other CVD was assessed during follow-up. Also, the use of antiplatelet drugs (including Ͻ650 mg aspirin) was evaluated during follow-up. The number of AH therapies prescribed was assessed in the year before the index date (mono-, bi-, or tritherapy). Diabetes and dyslipidemia were identified in the year before cohort entry and during follow-up by ICD-9 codes or drug markers. Patients with diabetes or dyslipidemia diagnosed in the year preceding the index date were considered newly diagnosed. For the other patients, the use of antidiabetic or hypolipidemic agents in the year before the index date was dichotomized into 2 levels: high adherence (Ն80% of the prescribed doses) and low adherence (Ͻ80%). Patients who were diagnosed with diabetes or dyslipidemia but never treated were defined as such. The reference categories were subjects with no diabetes and subjects with no dyslipidemia, respectively. Finally, a modified patient's chronic disease score was evaluated in the year preceding the index date (chronic disease score Ն4 or Ͻ4). The chronic disease score is a comorbidity metric that uses drugs dispensed as surrogate markers for chronic illness instead of using clinical diagnoses. 18 
Statistical Analysis
Descriptive statistics were performed to compare baseline characteristics using 2 analyses and Student t test. A nested case-control design was used and conditional logistic regression models were developed to estimate the crude and adjusted rate ratios (RR) for CD. The nested case-control approach is a useful alternative for cohort analysis when studying time-dependent exposures given that the exposure and covariates information for control subjects reflects values corresponding to the time of selection of their respective case. This approach has been found to yield results that were similar to results of Cox regression on the full cohort with the advantage of superior computational efficiency with the conditional logistic regression. 19 To account for the possible effect of time, we stratified the analysis by the time of the case occurrence. Several subgroup analyses were conducted, eg, age groups, type of CD (hemorrhagic: ICD-9: 431 to 432; ischemic: 433 to 436), patients having diabetes or dyslipidemia diagnosis, and those without diabetes and dyslipidemia. All models were adjusted for the covariates that were described previously.
Sensitivity analysis were performed to assess the impact of potential unmeasured confounders on the robustness of our results using the Greenland's Monte Carlo approach. 20, 21 We created different scenarios for (1) the relation between the unmeasured confounder and CD; and (2) the estimated proportions of the unmeasured confounder across adherence groups. Then for each scenario, we evaluated how the RR changes after adjusting for the unmeasured confounder.
We performed all statistical analysis using Statistical Analysis System Software for Windows Version 8 (SAS Institute Inc, Cary, NC) with a 95% precision.
Ethical Considerations
The study was approved by the Research and Ethics Committee of the University of Montreal.
Results
Patients' Characteristics
After applying the inclusion and exclusion criteria (Figure) , the cohort consisted of 83 267 patients with a mean age at entry of 65 years, 37.3% of whom were male, 11.6% welfare recipients, 8.6% diabetics, and 19.5% with dyslipidemia ( Table 1) . As first AH monotherapy treatment, diuretics and angiotensin-converting enzyme inhibitors were similarly the most used (26%). Combined therapy was less likely to be prescribed at the start of therapy (4%). As shown in Table 1 , there were no major differences in baseline characteristics across the 5 AH drug classes. Of the 3565 cases of CD identified in our study, 77.3% were ischemic CD, 2.9% were intracerebral hemorrhage, and 19.8% were other and ill-defined CD. Figure. Flow chart of inclusion and exclusion criteria. Exclusion criteria were assessed in the 5 years preceding the cohort entry for diagnoses and medical procedures and 2 years before the cohort entry for the medication.
During follow-up, 4.3% of patients had a CD (1.3 per 100 person-years), 13.7% developed a CAD (4.3 per 100 personyears), 4.7% presented a CHF (1.5 per 100 person-years), 3.7% had a PAD (1.2 per 100 person-years), 15.8% had another CVD (4.9 per 100 person-years), and 25.5% took antiplatelets drugs without any CVD (7.9 per 100 personyears). The percent of total death during follow-up was 3.1% (1.0 per 100 person-years).
There were significantly more males, welfare recipients, patients with diabetes or dyslipidemia, and users of antiplatelets drugs among cases than among control subjects. All CVD events that have occurred during follow-up were significantly more prevalent among cases than control subjects ( Table 2) .
Impact of Adherence Level to Antihypertensive Drugs on Cerebrovascular Disease
The multivariate analysis (Table 3) revealed that adherence of Ն80% to AH drugs was associated with a decreased risk of CD (RR, 0.78; 95% CI, 0.70 to 0.87) compared with lower adherence and this after at least 1 year of exposure.
Risk Factors for Stroke
The adjusted model showed that male sex, social assistance, antiplatelet use, dyslipidemia, and higher chronic disease score increased significantly the risk of CD (Table 3) . Developing of a CAD, a CHF, a PAD, or other CVD events during follow-up increased significantly CD risk from 2.0 to 4.6, and those estimates were nearly 1.5 to 2 times higher in the earlier period after the occurrence of CVD.
Subgroup Analyses
Among subjects Ͼ65 years, high adherence to AH drugs lessened significantly the risk of CD (RR, 0.77; 95% CI, 0.68 to 0.89) compared with the reference group; the risk reduction was not significant among patients younger than 65 years (OR, 0.81; 95% CI, 0.65 to 1.00). The risk reduction for CD was significant for ischemic CD (RR, 0.80; 95% CI, 0.70 to 0.91) but not for intracerebral hemorrhage (RR, 0.77; 95% CI, 0.32 to 1.85). Finally, among patients with diabetes or dyslipidemia, those with high adherence had a decreased risk of CD (RR, 0.74; 95% CI, 0.58 to 0.93). Similar results were observed with patients without diabetes or dyslipidemia.
Sensitivity Analyses
The reduction in the incidence rate of CD did not vary (RR, 0.78; 95% CI, 0.69 to 0.89) when we excluded patients with ICD-9 code 437 that may reflect a variety of vague conditions.
In the Monte-Carlo analysis (Table 4) , only in scenarios with the highest probability (scenarios 5 and 6), with 15% smokers in the high adherence level group as compared with 25% smokers in the low adherence level group and with a risk factor ranging from 3.0 to 4.0, the relationship became nonsignificant without being inverted.
Discussion
Our study reveals that high adherence to AH agents (Ն80%) is associated with a 22% decreased risk of CD events among newly treated hypertensive patients in the primary prevention setting compared with lower adherence. This association was only found after 1 year of exposition confirming that AH effectives in CD prevention presents a delay before it becomes apparent. 3 The risk reduction associated with medication adherence was consistent across several patient subgroups.
To our knowledge, the association between AH medication adherence and the risk of CD has not been yet evaluated in the context of real practice. Clinical trials for primary prevention demonstrated the benefits of AH drugs on reducing the incidence of CD. 3, 4 Because these medications were shown efficacious compared with placebo in a highly controlled environment, our study was intended to evaluate their effectiveness in real-world practice and, in particular, to assess the impact of medication adherence. Our observed risk reduction was in the same direction of those reported in meta-analysis of clinical trials, which further supports the importance of adherence as a key factor for good clinical outcomes. Diuretics and/or ß-blockers have been found to reduce the incidence of CD by 38% (95% CI, 31 to 45). 3 Compared with placebo, angiotensin-converting enzyme inhibitors and calcium channel blockers decreased the risk of CD by 28% (95% CI, 19 to 36) and 38% (95% CI, 18 to 53), respectively. 4 Angiotensin receptor blockers reduced the incidence of CD by 21% (95% CI, 10 to 31) compared with control subjects. 4 Another meta-analysis showed that compared with placebo, an untreated control group, or usual care, any AH active treatment was associated with important reductions in the risk of CD (RR, 0.69; 95% CI, 0.64 to 0.74). 22 The coefficients associated with CD risk factors such as male sex, social assistance, the presence of CVD, or dyslipidemia agreed with literature data. 1, 23, 24 Previous studies showed that men are at higher risk of CD (RR, 1.50; 95% CI, 1.01 to 2.22) than women and that low socioeconomic groups have higher rates of CD incidence (RR, 1.65; 95% CI, 1.21 to 2.23) than higher groups. Patients with evidence of CAD, CHF, or PAD have an increased risk of first CD as compared with those without such a history (RR, 1.73; 95% CI, 1.68 to 1.78 for men; RR, 1.55; 95% CI, 1.17 to 2.07 for women). 1 Finally, high total cholesterol levels are associated with a 2-fold risk of ischemic CD. 1 Our design took into account the potential for some methodological problems. To avoid selection bias, we only used incident AH users. Like with any pharmacoepidemiological study, the potential for confounding by indication should be cautiously assessed. First, given that the patients studied were all receiving AH agents, the likelihood of such a bias is minimal. 25 On the other hand, we could not control for all characteristics that may influence the physicians' choice. Unmeasured comorbidity as well as missing data of hypertension level could lead to residual confounding effects. Although there is no reason to believe that prescribing of different AH agents would be strongly influenced by the hypertension level. The analysis of available baseline characteristics did not reveal preferential prescribing of a particular AH agent to sicker patients. Second, patients with comorbidities may have more motivation to be adherent to prescribed AH agents and may also be more likely to have CVD events. Thus, to further minimize the bias, we adjusted for several CVD risk factors such as diabetes, dyslipidemia, and occurrence of CVD (excluding CD) after starting AH therapy.
Third, the RAMQ databases do not provide any information on clinical data and thus does not permit adjustment for clinical severity of hypertension. In the current study, we identified patients on monotherapy, bitherapy, or tritherapy in the year to the index date to adjust for hypertension severity.
Fourth, we could not adjust for blood glucose and cholesterol levels. So for patients who received drugs for their diabetes or dyslipidemia, we assessed their adherence level to these medications and its impact on CD risk. In particular, our Having a chronic heart failure during follow-up, % ¶Diagnosis of PAD (ICD-9 codes: 440 to 447), medical procedure (noncoronary angioplasty), or use of pentoxifylline. **Diagnosis of other CVD: arrhythmia (ICD-9 codes: 427 to 427.9), medical procedure using a pacemaker or use of antiarrhythmics, valvular heart disease, or use of anticoagulants.
† †Antiplatelets users: use of dipyridamole, sulfinpyrazone, ticlopidine, dipyridamoleϩaspirin, clopidogrel, aspirin in doses ranging from 80 mg to 650 mg, and that without CVD events.
‡ ‡ICD-9 or treatment. § §Medication possession ratio (%) in the year before the index date.
In the year before the index date.
results revealed that high adherence to hypolipidemic drugs decreased the risk for CD by 20%. This confirms recent reports, which have shown that statin therapy reduced major CD by 14.4% in the primary prevention of CVD. 26 Fifth, our follow-up period was shorter compared with the large randomized clinical trials. However, our median of follow-up was 3.3 years and a maximum of 6.5 years, which is reasonable length to detect possible differences in outcomes. Sixth, death was also considered as an issue. For instance, most of the deaths occurred relatively soon after a CVD event and, therefore, we captured more likely CDrelated deaths.
Seventh, we did not have access to any information regarding patients' lifestyles such as smoking, physical inactivity, poor diet, or obesity. These factors are welldocumented risk factors for CVD. 1 They are also more likely to be present among patients who do not adhere to their medication, leading to a potential bias. Indeed, we cannot §Diagnosis of PAD (ICD-9 codes: 440 to 447), medical procedure (noncoronary angioplasty), or use of pentoxifylline. Diagnosis of other CVD: arrhythmia (ICD-9 codes: 427 to 427.9), medical procedure using a pacemaker or use of antiarrhythmics, valvular heart disease, or use of anticoagulants.
¶Antiplatelets users: use of dipyridamole, sulfinpyrazone, ticlopidine, dipyridamoleϩaspirin, clopidogrel, aspirin in doses ranging from 80 mg to 650 mg, and that without CVD events. **ICD-9 or pharmacologic treatment. † †Medication possession ratio (%) in the year before the index date. ‡ ‡In the year before the index date.
exclude that adherence to drug therapy may be a surrogate marker for overall healthy behavior. 27 The sensitivity analysis assessed the robustness of our findings regarding potential biases introduced by unmeasured confounders. Highest probability of unmeasured confounders along with a risk of CD ranging from 3.0 to 4.0 will give a nonsignificant RR (without being inverted) and, based on these scenarios, bias of that magnitude is unlikely to be present. Eighth, there might be some missing or erroneous codes so that subjects with a history of CVD were not identified. However, the probability of such nonmisclassification may be low because we had access to relevant medical and drug information for patients over a period of several years before their entry into the cohort.
Finally, the analysis used prescription refill patterns to assess exposure and therefore does not ascertain whether the dispensed medication was actually taken by the patient. However, some data suggest a good correlation between pharmacy-dispensing records and cumulative drug exposure and gaps in medication-supply. 28 In summary, this study of real-world drug use patterns in the Canadian setting showed that adherence to AH medication is associated with a decreased risk of CD in the context of primary prevention of CVD. Adherence to pharmacological therapy is a key factor in determining the success of various therapeutic approaches; thus, greater attention should be paid to this aspect, which may result in improved patient outcome. Educational strategies and interventions involving both health professionals and patients must be increased to enhance adherence to CVD medications if we are to maximize the health benefits in the population as a whole.
Source of Funding
The Canadian Institutes Health Research (CIHR) supported this work.
